Endometrial decidualization, a process essential for blastocyst implantation in species with hemochorial placentation, is accompanied by an enormous but transient influx of natural killer (NK) cells. Mouse uterine NK (uNK) cell subsets have been defined by diameter and cytoplasmic granule number, reflecting stage of maturity, and by histochemical reactivity with Periodic Acid Schiff (PAS) reagent with or without co-reactivity with Dolichos biflorus agglutinin (DBA) lectin. We asked whether DBAÀ and DBA+ mouse uNK cells were equivalent using quantitative RT-PCR analyses of flow-separated, midpregnancy (Gestation Day [gd] 10) cells and immunohistochemistry. CD3E (CD3)ÀIL2RB (CD122)+DBA cells were identified as the dominant Ifng transcript source. Skewed IFNG production by uNK cell subsets was confirmed by analysis of uNK cells from eYFP-tagged IFNG-reporter mice. In contrast, CD3EÀ IL2RB+DBA+ uNK cells expressed genes compatible with significantly greater potential for IL22 synthesis, angiogenesis, and participation in regulation mediated by the renin-angiotensin system (RAS). CD3EÀIL2RB+DBA+ cells were further divided into VEGFA+ and VEGFAÀ subsets. CD3EÀIL2RB+DBA+ uNK cells but not CD3EÀIL2RB+DBAÀ uNK cells arose from circulating, bone marrow-derived progenitor cells by gd6. These findings indicate the heterogeneous nature of mouse uNK cells and suggest that studies using only DBA+ uNK cells will give biased data that does not fully represent the uNK cell population.
INTRODUCTION
''Innate lymphoid cells'' (ILC) describes an expanding category of mucosa-associated cells that differentiate from common lymphoid progenitor cells during fetal development and adulthood. ILCs include natural killer (NK) cells, lymphoid tissue inducer cells (LTI), NK cells that produce IL22 (NK22 cells), and cells known as ILC1 and ILC2 cells [1] . ILC1 cells are producers of IL12, IL15, and IL18, while ILC2 cells produce IL25 and IL33. Transient cells, known as uterine NK (uNK) cells, become abundant in mice, as in humans, during decidualization, and they promote physiological changes in endometrial structure that are associated with early pregnancy, including development of a transient lymphoid structure (mesometrial lymphoid aggregrate of pregnancy; MLAp) that surrounds vessels associated with each placenta [2] . Relationships between uNK cells and other ILCs are undefined. Mouse uNK cells are recognized histochemically as containing glycoprotein-rich, cytoplasmic granules that react with Periodic Acid Schiff (PAS) reagent or Dolichos biflorus agglutinin (DBA) lectin from Gestation Day (gd) 5 [3] [4] [5] , but potential subset functions have not been addressed. UNK cell origins are not fully defined but, upon adoptive cell transfer, mouse uNK cells arise from progenitors found in primary and secondary lymphoid organs of male and female mice and become highly proliferative within early decidua [3, 6] . UNK cells reach maximum numbers at midgestation (gd10-gd12) and are numerically reduced by term (gd19-gd20) [3, 4, 7, 8] . UNK cells produce cytokines and have angiogenic functions, including initiating roles in the gestational remodeling that enlarges the capacity of spiral arteries (SA), the major placental supply vessels [9] [10] [11] [12] .
Using dual reagent histochemistry with DBA lectin (reactive with molecules having N-acetylgalactosamine as their terminal sugar) and PAS, all mouse uNK cells have been identified, and they have only one of two phenotypes, PAS þDBAÀ or PASþDBAþ [13] . Both subsets show terminal differentiation into very large cells with a heavily granulated cytoplasm; no differences are known between these subsets beyond DBA lectin reactivity documented in multiple strains (B6 [13] , BALB/c, CD1 (our unpublished data). The two mouse uNK cell subsets are equal in abundance early during decidualization (gd6) but, by midgestation, PASþDBAÀ uNK cells are outnumbered 1:9 by PASþDBAþ uNK cells. We wished to determine whether the potential functions of PASþDBAÀ and PASþDBAþ uNK cells were similar or divergent using mRNA analysis. However, the PAS reaction degrades RNA. Therefore, we used flow cytometry sorting to purify the uNK cell subsets. The protocol of Yadi et al. [14] was adopted to flow sort gd10 CD3EÀIL2RBþ decidual leukocytes from high-fecundity CD1 mice into DBAÀ and DBAþ subsets [14] for RNA isolation. Yadi et al. suggest that the CD3EÀIL2RBþDBAÀ population resembles peripheral NK cells, while the CD3EÀIL2RBþDBAþ population is unique to decidualized endometrial mucosa [14] .
Our analyses targeted three distinct biological processes: cytokine production (Ifng and Il22), angiogenesis (Pgf and Vegfa), and regulation via the renin-angiotensin system (RAS: . IFNG peaks in mouse decidua basalis (DB) at gd10-gd12 in CD1, B6, and BALB/c mice coincident with highest the uNK cell numbers [10, 15] . About 90% of decidual IFNG is uNK cell-derived [15] , and it provides the initiating step in spiral arterial modification [10] . IL22 is a leukocyte-derived cytokine produced by several subsets of activated T cells and spontaneously by ILCs, including NK22 cells and dendritic cells. IL22 acts in intestinal defense, contributes to mucosal wound healing, and is reported in immature, but not in mature, human uNK cells [16] [17] [18] . PGF and VEGFA are known uNK cell products [11, 19, 20] . RAS components were studied because they are reported in mouse T cells, where they enhance responsiveness to vasopressors [21] , in human NK and T cells [22] , and because of the clinical relationship linking incomplete spiral arterial modification, an outcome associated with uNK cell deficiency, with gestational complications, including hypertension in humans [23] . At midgestation, CD3EÀIL2RBþDBAÀ cells differed significantly from more abundant CD3EÀIL2RBþDBAþ uNK cell populations.
MATERIALS AND METHODS

Mice
Male and female CD1 (Charles River, St. Constant, QC), Yellow-enhanced transcript for IFNG (EYFP; Yeti) mice on the C57BL/6 (B6) background (a kind gift from G. Stockinger, National Institute for Medical Research, London [24] ) and B6, BALB/cJ (The Jackson Laboratory, Bar Harbor, ME), and BALB/c-Rag2
; Queen's University colony, Kinston, ON) mice were used in this study. Males served as studs for pairing with 8-to 12-wk-old estrous females; copulation plug detection was called gd0. Mated females were anesthetized then euthanized by cervical dislocation on specific gestation days, and their uteri were dissected. Control spleens and kidneys were dissected from nonpregnant mice. Archived histological specimens (4% paraformaldehyde fixed, paraffin embedded) from a B6 tissue bank were used for immuno-histo-chemistry (IHC) [25] unless otherwise noted. Animal usage complied with the national guidelines of each country and was conducted under protocols approved at each participating institution. For flow sorting, gd10 DB and the transient, uterine wall-localized MLAp were dissected as separate tissues (placenta and fetus excluded), then pooled and mechanically dissociated as in [14, 25] . Two flow-sorting experiments used one CD1 pregnancy each; two experiments pooled two gd10 CD1 pregnancies each.
Histological Methods
Paraffin sections (5 lm) mounted on glass slides were cleared, rehydrated, and blocked (1 h, room temperature; Serum Free Protein Block; Dako, Mississauga, ON). The following primary antibodies, diluted in sodium azidesupplemented antibody diluent with 0.1% Tween (Dako), were used: biotinylated rat anti-mouse IFNG mAb [26] . After incubation with primary antibodies (16 h, 48C), sections were washed and incubated (2 h, R8C) with Alexa594-tagged goat anti-rabbit or anti-rat secondary antibody (1:200; Invitrogen, Burlington, ON) or Alexa594-or 488-tagged streptavidin (Sigma, Oakville, ON). Sections were then incubated (2 h, R8C) with fluorescein isothiocyanate (FITC)-conjugated DBA lectin (Sigma; [25] ), followed by 20 mM L-lysine (Sigma) to quench autofluorescence, and cover-slipped with 4 0 ,6-diamidino-2-phenylindole (DAPI)-supplemented mounting media (ProLong Gold Anti-fade Reagent with DAPI; Invitrogen). Photomicrographs were collected using an AxioCam-equipped Zeiss M1 Imager with Axiovision 4.8 software (Carl Zeiss, Toronto, ON) or using an Eclipse 800 imaging system (Nikon, Japan) equipped with Image ProPlus 7.0 software (Media Cybernetic, Bethesda, MD).
To define antibody and lectin staining against PASþ cells, coverslips were removed from the photographed, fluorochrome-reacted slides, tissues were equilibrated in PBS, and routine PAS histochemical staining with 1% amylase digestion was done [27] . The order of staining could not be reversed since PAS emits red fluorescence at 555-625 nm [28] . Slides were dehydrated in ethanol, cleared in xylene, coverslipped with Permount (Fisher, Ottawa, ON) and then rephotographed over the same field.
For enumeration of DBAþ and DBAÀ uNK cells expressing VEGFA, gd7, gd9, and gd14 BALB/c implant sites were examined using 21 to 60 fluorescence photomicrographs (2003) from randomly selected mesometrial areas. Nuclear DAPI was used to estimate total cell number aided by Manual Point Count (Image ProPlus 6) as well as numbers of antibody-reactive or lectin-reactive cells. For enumeration of PASþDBAÀ cells in bone marrowengrafted gd6 Rag2
À/À in dual PAS-DBA-stained sections [13] , .1000 uNK cells were visually scored under oil immersion microscopy using multiple implant sites from two pregnancies.
Cell Subset Separation and Quantitative RT-PCR
Suspensions of gd10 DB and MLAp were incubated in 1% BSA, then stained (30 min, 48C) with FITC-conjugated DBA (0.1 lg/ml; Sigma) and antibodies from eBiosciences (San Diego, CA): PE-conjugated anti-mouse IL2RB (1/100; clone 5H4) and R-phycoerythrin-Cy5-conjugated anti-mouse CD3E (1/100; clone 145-2C11). Forward-and side-scatter properties were used to set the initial gates, then CD3EÀIL2RBþ cells were gated, sorted as DBAÀ or DBAþ cells, and collected using an EPICS Altra Flow Hy-PerSort Cytometer (Beckman Coulter, Mississauga, ON). A representative outcome is shown in Supplemental Figure S1A (all Supplemental Data are available online at www.biolreprod.org). Cell yields were ;100-200 CD3EÀIL2RBþDBAÀ cells and ;1000-1800 CD3EÀIL2RBþDBAþ cells. Fluorescence-activated cell sorting (FACS) analysis of gd9 decidual cell suspensions from Yeti mice was as described in [14] .
In a flow-sorting validation experiment, some cells were labeled with IL2RB-PE, CD19-FITC (1:200; eBiosciences), and EMR1 (F4/80)-FITC (1:100; eBiosciences) to evaluate possible selection of IL2RBþ B cells or macrophages. One half of one percent of the FACS-analyzed IL2RBþ cells appeared in the FITC channel. In this experiment, postsort CD3EÀIL2RBþDBAÀ cells were placed in a drop on a glass slide, dried, fixed in methanol, simultaneously stained with DAPI, CD19-FITC, and EMR1-FITC and examined microscopically under ultraviolet illumination. No sorted cells fluoresced green, while diluted splenocyte suspensions similarly prepared contained CD19þ and EMR1þ cell populations. In the three remaining experiments, sorted cells were lysed and RNA was isolated using a PicoPure isolation kit (Molecular Devices, Toronto, ON) following the manufacturer's instructions. RNA was reverse transcribed and amplified using the Ovation Pico WTA System (NuGEN, San Carlos, CA) to PCR template cDNA. Quantitative RT-PCR (qRT-PCR) used the ABI Prism 7500 system with TaqMan Gene Expression Master Mix (Applied Biosystems, Foster City, CA). TaqMan Gene Expression Assays containing primers and TaqMan probes were purchased from Applied Biosystems as follow; Mm01168134_m1 (Ifng), Mm00444241_m1 (Il22), (Mm01192943_m1) (Il22ra1), Mm00435613_m1 ( Pgf ) , Mm 0 12 8 1 44 9 _m 1 ( V e g f a ) , Mm 0 23 4 28 8 9_ g 1 (R e n1 ) , Mm00802048_m1 (Ace), Mm00487638_m1 (Cma1), Mm0059962_m1 (Agt), Mm00616371_m1 (Agtr1a), Mm01341373_m1 (Agtr2), Mm01255747_g1 (Nppa), and Mm01545399_m1 (hypoxanthine guanine phosphoribosyl transferase; Hprt). PCR conditions were initial incubation for 2 min at 508C, enzyme heat activation for 10 min at 958C, and 40 cycles of 15 sec at 958C then 1 min at 608C. Relative expression of target transcripts was normalized to Hprt transcripts.
Additional total RNA was prepared from gd10 B6 DB using Qiagen RNeasy Mini Kit and from male B6 kidney using Trizol (Invitrogen). Complementary DNA was synthesized from 2 lg total RNA using Invitrogen SuperScript III First-Strand Synthesis System (Invitrogen). The resulting cDNA was used as template for qRT-PCR as above. Products were run on 1.1% agarose gels.
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Statistical Analysis
Data are expressed as mean 6 SEM. Statistical analyses were performed using Prism 4 software (GraphPad Software, Inc.). Statistical significance for qRT-PCR was assessed by Student t-test. For the VEGFA time course study, one-away ANOVA with Tukey posttest was used. P , 0.05 was considered significant.
RESULTS
PASþDBAÀ uNK Cells Do Not Arise from BM-Derived Progenitors Homed to Decidua
Previous dual PAS/DBA lectin histochemical analyses of uNK cells differentiating in Rag2
À/À engrafted by normal syngeneic BM were conducted at gd12, when ;90% of uNK cells in normal mice are DBAþ [13] . That study found DBAÀ uNK cells were extremely rare (;1/300 000 cells). To more rigorously validate the conclusion that PASþDBAþ cells arise from homed precursors of BM origin, the study was repeated with analysis at gd6, when PASþDBAÀ uNK cells in normal females have their highest ratio of 1.1:1 versus PASþDBAþ uNK cells [13] . As shown in Figure 1 , almost all uNK cells differentiating from BM are DBAþ. PASþDBAÀ uNK cells were enumerated at gd6 at 1/230 uNK cells, suggesting that even early in gestation, DBAþ uNK cells arise from uterine homed cells.
Midpregnancy CD3EÀIL2RBþDBAÀ Cells Express More Ifng mRNA and Protein than CD3EÀIL2RBþDBAþ Cells
Forward-and side-scatter properties were used to define gd10 CD1 decidual cells selected for flow sorting (Supplemental Fig. S1A ). Gates were set to capture CD3EÀIL2RBþ cells, which were then sorted into DBAÀ and DBAþ cells. C D 3 EÀI L 2 R B þD B A þ c e l l s w e r e t h e d o m i n a n t CD3EÀIL2RBþ cells (;95%). These were considered to be the uniquely DBAþ decidual leukocytes identified as uNK cells in decidual histology. In early to midgestation, normal mouse decidual cell suspensions, macrophages, and B cells are the next most abundant CD3EÀ cells that could also be CD3EÀIL2RBþ (Croy, Chen, Hofmann, Lord, Sedlacek, and Gerber, unpublished data). Cells with the phenotype IL2RBþ and EMR1þ or CD19þ were 0.5% of the starting cell suspensions used for sorting (not shown). Postsorting analyses were restricted by very low CD3EÀIL2RBþDBAÀ cell yields (100-200 cells), but fluorescence microscopic examination of all sorted CD3EÀIL2RBþDBAÀ cells from one experiment found no EMR1þ or CD19þ cells among the recovered cells, all of which had lymphoid appearance. Supplemental Figure  S1A , representative of four independent sorting experiments, shows the gating strategy and sorted cell subsets.
Transcripts for Ifng were 9-fold more abundant, relatively, at gd10 in CD3EÀIL2RBþDBAÀ than in CD3EÀIL2RBþ DBAþ cells (Fig. 2A) . IFNG was detected in gd10 implantation sites by IHC in PASþ uNK cells that were DBAÀ and in DBAþ uNK cells (Fig. 2, B and C) . Staining intensity was visibly greater over DBAÀ compared to DBAþ uNK cells (Fig. 2B) . This was surprising because IFNG levels increase rapidly in DB between gd6-gd10 as PASþDBAÀ uNK cells decline.
To confirm greater IFNG production by DBAÀ compared to DBAþ uNK cells, gd9 decidual cell suspensions from EYFPIfng transgenic females (Yeti mice [24] ) were FACS analyzed using antibodies to ITGA2 (DX5) and KLRB1C (NK1.1) to identify uNK cells. IFNG production was attributed to the minor ITGA2þKLRB1Cþ uNK cell subset, previously found to be DBAÀ (Fig. 2D) , rather than to ITGA2-KLRB1CÀ uNK cells that are DBAþ [14] . Colocalized PASþDBAÀ and PASþDBAþ cells give no histological evidence suggesting functional differences (Supplemental Fig. S1B ). 
MOUSE UTERINE NK CELL SUBSETS
Midpregnancy CD3EÀIL2RBþDBAþ Cells Have Relatively More Transcripts for Il22, Pgf, and Vegfa than CD3EÀIL2RBþDBAÀ Cells
Il22 transcripts were present in gd10 uNK cells, with relative transcript abundance ;83 higher in CD3EÀ IL2RBþDBAþ than in CD3EÀIL2RBþDBAÀ cells (Fig.  3A) . IHC detected IL22 in both DBAþ and DBAÀ subsets of PASþ uNK cells (Fig. 3, B and C) . IL22 staining intensity was greater over uNK cells than over other smaller, IL22þ cell types present in decidua. Il22ra1 expression was not detected in either uNK cell population (data not shown).
Pgf transcripts were almost 40X relatively more abundant in gd10 CD3EÀIL2RBþDBAþ than in CD3EÀIL2RBþDBAÀ cells (Fig. 3D) . IHC detected PGF in both DBAÀ and DBAþ subsets of PASþ uNK cells (Fig. 3, E and F) . Immunoreactivity was common over additional gd10 decidual cell types (Fig. 3E) .
Vegfa transcripts were ;193 relatively more abundant in gd10 CD3EÀIL2RBþDBAþ than in CD3EÀIL2RBþDBAÀ cells (Fig. 4A) . IHC detected VEGFA in both DBAþ and DBAÀ subsets of PASþ uNK cells (Fig. 4, B and C) . VEGFA staining was less intense over DBAÀ than that of DBAþ uNK cells supporting the RNA expression analysis. VEGFA staining intensity was greater over reactive uNK cells (Fig. 4, B vs. C) than over other reactive cell types in decidua basalis. Both Vegfa and Pgf transcripts were relatively more abundant than transcripts for Ifng or Il22 in DBAþ uNK cells (see Figs. 2-4) .
To estimate the proportion of DBAþVEGFAþ uNK cells and to determine if this changed over pregnancy, an IHC time course (gd7-gd14) study was conducted. At gd7, 28% of VEGFAþ cells coexpressed DBA. At gd9 and gd14, VEGFA was more abundant in DBAþ uNK cells (78% and 83%, respectively, of all decidual VEGFAþ cells; Fig. 4D ), although within DBAþ uNK cells, many were VEGFAÀ (56% at gd7, 55% at gd9, and 70% at gd14). Thus, DBAþ uNK cells are a mixed population of cells, with ,50% having detectable VEGFA expression. Dual-label IHC also established that DBAþ uNK cells, known to express PRF1 or VEGFA, can simultaneously express both of these proteins (Fig. 4E) . Thus, potentially angiogenic DBAþVEFGAþ uNK cells retain immunological capacity.
Expression of RAS Components at Midgestation
Transcripts for Ren1 (the enzyme cleaving AGT to angiotensin I), Ace, Cma1 (two enzymes cleaving angiotensin I to vasoactive angiotensin II), Nppa, and Agtr2 were detected in lystates of whole decidua (data not shown) and of uNK cells (Figs. 5 and 6 ) from midpregnancy. Agt, Agtr1, and Agtr2 were detected in lystates of whole decidua from midpregnancy but were not detected in either DBAÀ or DBAþ gd10 uNK cells (Supplemental Fig. S1C ). 
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CD3EÀIL2RBþDBAÀ cells had greater relative transcript abundance for Cma1 (;2.23; Fig. 5A ). Nppa, a gene previously reported as translated in DBAþ mouse uNK cells, h a d r e l a t i v e l y g r e a t e r t r a n s c r i p t a b u n d a n c e i n CD3EÀIL2RBþDBAÀ cells (;23; Fig. 5B ). No antibody is commercially available for IHC detection of mouse CMA1. IHC detected NPPA on PASþDBAÀ uNK cells and, as previously reported, on PASþDBAþ uNK cells (Fig. 5, C and  D) .
CD3EÀIL2RBþDBAþ cells expressed ;123 relatively more Ren1 and ;283 relatively more Ace transcripts than CD3EÀIL2RBþDBAÀ cells (Fig. 6, A and D) . IHC detected REN1 (Fig. 6 , B and C) and ACE (Fig. 6 , E and F) on PASþDBAÀ and PASþDBAþ uNK cells. For REN1, reactivity was predominantly over uNK cells with minor stromal reactivity. For ACE, decidual endothelial cells were also reactive but at much lower intensity than uNK cells (Fig.  6E) . Supplemental Table S1 summarizes these findings.
DISCUSSION
This study demonstrates that, at midpregnancy, the mouse uNK cell population comprises at least three distinct subsets. These are DBA lectin-negative uNK cells and two subsets of DBAþ uNK cells. The DBAþ uNK cell subsets arise from blood-borne progenitor/precursor cells and transcribe high levels of Pgf, Ren1, and Ace. The DBAþ subsets differ in translation of VEGFA. VEGFA is readily colocalized by IHC with some DBAþ uNK cells, while the other DBAþ subset comprises cells that show no detectable reactivity. No morphological criteria distinguish the three subsets (Supplemental Fig. S1B ). Presence or absence of DBA lectin reactivity was not correlated with a difference in the genes being expressed but with relative abundance of mRNA for each gene. DBA lectin reactivity did not characterize cells with higher overall numbers of transcripts since several of the target genes investigated had dominant expression in DBAÀ uNK cells, for example Ifng. This finding was unexpected and suggested that the increasing tissue levels of decidual IFNG observed in various strains of mice to midpregnancy [15] result from the rapid, massive expansion and maturation [29] of less IFNGproductive, homed, DBAþ uNK cells.
While weaker IFNG producers, DBAþ uNK cells were stronger IL22 producers. Although these decidual leukocytes are regionally (mesometrially) concentrated, they do not appear to contribute to functional and structural boundaries that characterize lymphoid organs and regulate specific immune cell interactions [30, 31] . This may be due to the dynamic nature of DB over pregnancy. Since DBAÀ and DBAþ uNK cells comingle (Figs. 1-6 ) and can be adjacent ( [13] , Supplemental Fig. S1B ), reciprocal regulatory actions between DBAÀ and DBAþ uNK cells cannot be excluded. The differences in relative abundance between Ifng and Il22 in the DBAÀ and DBAþ cell subsets and the differences in relative abundance of Ren1 and Cma1, transcripts that encode enzymes that act on a common substrate, support this possibility. Based on relative transcript abundance, 
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PASþDBAÀ and PASþDBAþ uNK cells appear to have the potential to play greater roles in processes other than immune cytokine production, the previously postulated major function for mouse uNK cells [10, 13] .
Assessed by relative transcript abundance, uNK cells have the potential to produce more PGF than VEGFA. Previous studies of Pgf À/À implant sites revealed uNK cell anomalies as the major histopathology; a very high proportion of uNK cells were binucleate by gd8. Enlarged decidual areas were also present [19] . Although decidual vascular structure has not been thoroughly assessed in Pgf À/À mice, study of spiral arterial modification indicated only a slight delay in the timing of this change [19] . Mouse uNK cells express receptors for the hormone prolactin-like peptide A (PRL4A), a trophoblast (placental cell) product [32] . Others report that PRL41 regulates IFNG production by rat and mouse uNK cells [33, 34] and enhances PGF and VEGF production by mouse uNK cells exposed to nonambient oxygen levels [35] . Human firsttrimester NCAM1 bright (CD56 bright ) uNK cells also have greater message abundance for PGF than VEGFA (transcript hybridization intensity of 2155 vs. 135, respectively [36] ). Additionally, PGF secretion is greater than VEGF secretion for human uNK cells or blood NK cells following culture in IL15 [36] . Thus, low-plasma PGF levels seen in advance of preeclampsia [37, 38] may reflect deficits in NK cell populations as well as in more widely accepted trophoblast cell functions [37] .
Male et al. [16] addressed IL22 in human uNK cells collected between 8 and 10 wk of gestation. They identified transcripts and protein production in immature (stage 3) but not in mature (stage 4) uNK cells and suggested IL22 production was aligned with steps in uNK cell maturation. About 15% of stage 3 human uNK cells produced FACS-detectable IL22. The proportional but not the maturational data align with our findings in mice. As shown in Figure 2 , IL22 is present in heavily granulated, terminally differentiated, mature uNK cells. The rapid changes in implantation sites during placental formation may account for this apparent interspecies difference since the human study was conducted in early pregnancy and our study at midgestation. Male et al. [16] suggested that IL22-producing uNK cells may be important in menstrual cycle shedding and regeneration of endometrial mucosa. Presence of an IL22-producing uNK cell subset in mice, a nonmenstruating species, and our ability to conclude from DBA lectin binding of IL22-producing cells that this population increases towards midgestation suggest additional roles for IL22. NK cells expressing IL22 are present in human and mouse intestinal mucosa [39, 40] , where they stimulate epithelial cells to produce mitogenic and antiapoptotic molecules [39] . Since placental trophoblasts are epithelial in origin, the IL22-dominant uNK cell subset may support survival of trophoblasts that invade decidua. DBAþIL22þ uNK cells resemble intestinal IL22þ cells because they have limited production of IFNG (Fig. 2 ) and produce LIF [41] . However, in contrast to intestinal IL22-producing NK cells, DBAþ uNK cells express perforin and granzyme [39, 40, 42] (Fig. 4) and do not have IL7R (CD127) expression until fully mature (onsets in some gd10 uNK cells [43, 44] ). While Cella et al. [39] propose that intestinal IL22-producing NK cells arise locally, our adoptive transfer data clearly show that DBAþIL22þ uNK cells arise from circulating cells. Whether DBAÀ uNK cells are related to or represent a type of LTI or ILC as defined in other organs will require further studies that address additional markers characteristic of these lineages.
A number of reports suggest that hypertension has an immune basis [45] , including studies of preeclamptic women in which circulating Th17 cells do not decline in the third trimester [23] . This finding predicts reduced IL22 production by uNK cells. Our data indicate that uNK cells have the potential for RAS-based input to circulatory regulation, with DBAþ uNK cells having more potential to cleave AGT and angiotensin I. DBAÀ cells are more likely to use CMA1 in this process and to antagonize AGTR1 signaling via NPPA. This is the first report of uNK cell subsets differing in RAS transcripts. The finding of absence of Agtr1 and Agtr2 transcripts in uNK cells immunoreactive for these gene products requires further study, but may reflect rapid changes in gene expression that occur in implantation sites [46] . Absence of Agt transcripts was unexpected, given their detection in human blood NK cells [22] . Detection of Agt transcripts in decidual tissue suggests, however, that substrate would be available to uNK cellproduced RAS enzymes. While it is appealing to postulate that RAS expression by uNK cells contributes to blood pressure regulation and intravital video recordings of drug agonist challenge have shown that NK cells promote constriction of skeletal microvessels (cremaster circulation) [47] , other roles must be considered. RAS members are involved in antiinflammatory, inflammatory, and fibrotic processes; in development including regulation of VEGFA, insulin-like growth factor, and chemokine production; in tissue homeostasis and wound healing; and in intestinal smooth muscle contraction [48] . The extent to which lymphocytes contribute to systemic or uteroplacental RAS concentrations is undefined, making the overall importance of the immune cell source unclear [49] . However, circulating antibodies to AGTR1 are associated with preeclampsia in humans [50] and in mouse models displaying hypertensive pregnancies [51] . 
These studies are the first to document that DBAþ mouse uNK cells differ in functional potential from DBAÀ mouse uNK cells. Because our findings were consistent between randombred and MHC-distinct inbred strains, they suggest a generalized pattern associated with decidual development. This is important since DBA lection-based identification of uNK cells has widely replaced PAS staining and is considered to provide unbiased uNK cell population information. Skewing of transcripts between DBAÀ and DBAþ uNK cells was demonstrated in three distinct product areas: cytokines, angiogenic factors, and RAS components. Heterogeneity was independent of uNK cell maturity (i.e., diameter and number of cytoplasmic granules) since all stages of maturation are present as DBAÀ and DBAþ cells. DBAÀ cells were a subset with high IFNG production, while the DBAþ cells had the potential to produce more IL22, an IL10-related molecule. Thus, introduction of the term ''mouse uNK1 and uNK2'' for ''DBAÀ and DBAþ uNK'' cells may be appropriate in analogy with Th subsets. That, however, would emphasize differences in production of cytokines rather than differences in production of angiogenic and vasoregulatory factors, which appear to be stronger potential roles for uNK cells. Understanding the transcriptional or epigenetic mechanisms that promote uNK cell heterogeneity will be a key advance, as will determining whether an imbalance between uNK cell subsets could significantly impact pregnancy outcomes [52, 53] .
